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The invention refprc ^ , 

on the heating of the sh " r t Pr ° dUCi " g »»* 

i» which process the oU L " ' "'^ ° f ^ '™>- 

reeved from the rock T"' 9 ""* Pr ° dUCed * ^ «• 

om tne rock through channels bored in it n„ ■ 

through cooling, those portions of the gases tha " C ° ndenSatio " 

oil are then separated from said gases »"""ut. the shale 

S uhstai:i: tri^rrr du r - 

is transported away „ hl c h \ * ""^ ^"'^ 0f m «"ia! 

«» rock r„ a mal r £ " ^tt" ^ ^ ^" 

coal or wood, for example T ' d ^ astfi «tion of pit 

structure of the olLal' T " 3 °' la " ">™» 

Provided it consis : r remai " S - ^ "^"^ 

structure extrao a 1 uZ f 7°"' ""^ <* ^ 

It is now known that the hT """" ° f ^ 

gasified shale rocV has a ^ ^ ^ ^ ^ »" «" 

area within reach of ™ P ° r ° US """"" S " f *~ 

«ach of gases. The shale coke u„Hke ordinary coke or 
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charcoal has at the same time a very high ash content, that is a res- 
idue of incombustible components, and with regard to Swedish conditions 
thi.s amounts to about 70% of the original weight of the shale. The 
shale-coke contents include various iron compounds, for example, and 
quite a few other components that in contact with different gases are 
suited as catalysts for influencing reactions in the gases. 

In direct degasif ication of shale rock during continuing production 
of shale oil very large volumes of heated and degasified shale rock are 
created, mainly consisting of shale coke which remains unmoved in its 
various strata but which through the degasif ication has become transformed 
into one large porous mass that allows gases to move in all directions. 
If thus approximately 15_ m 3 of rock mass is used for each m 3 of oil 
then, for example, a porous shale rock of 300,000 m 3 is formed during 
one year in the production of 20,000 m 3 of shale oil. During the actual 
gasification procedure of the shale oil a slowly progressing heat front 
is arranged in the shale rock where both instruments for heating (electric 
heating elements) and outlet channels for removal of the gases are 
gradually put into action. 

The object of the invention is to use the large porous shale-coke 
mass formed in this manner as a catalyst for initiation of certain desired 
chemical reactions within the same, all with the intent of producing 
various substances with the co-operation of the catalyst in question. 
The gas channels mentioned are utilized in this process, after they have 
finished serving as outlets for the shale-oil gases, also for supply of 
gases to the shale rock. At the same time other such channels can be 
used as outlets for the synthesis products that have been produced within 
the shale rock with the co-operation of the shale coke catalyst. A 
portion of the channels thus forms inlets to the shale coke, and other 
channels serve as outlets from the same, at which gases that are inserted 
into the rock under pressure in one place can be led away from the same 
in another place. Gases then come into contact with the surfaces of the 
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catalyst and are affected by these in a ma „ , 

and physical conditions at hand * ^ 

The invention will be more thoroughly describe k , 
to the design for imputation of the 0 f ^ 

the enclosed drawing at whi.h * • ! 10 the 6Xample on 

Ing ' at which time other qualities rh*r-^*- 
invention also will be indicated . q lltlSS c haracteristic of the 

Figure 1 shows more or less schematicallv a «=h al 
Production of shale oil, in vertical secton ' «" 

at regular intervals m the shale rock 12 on u • 
a stratum of limestone 14 and possibly . lay .^i ! \ " 7^ 
exhaust channels IS are connected to gas ou lets 2 drUl d " °' 
limestone and shale Tho h i- ■ , outiets 20, drilled through 

18 are , k 9 elements i° «d the exhaust channels 

i li: ::: 1 ' arranged in rows ° ne aft - ~ « «» 
co„n 0 : i;:; d n9 24 The r outiets ^ b -°-^ - — . - a re 

control valves, re cLTir^ 1^?' ~ "* ^ ^ 

of manifolds 24 unites ' ~ ^oli 25 for a number 

» in "hich thT I :, :;" tUrn " Uh * * «« « *P«Y tower 

abated from ccna^ x roil ^r^: 3 ~ ^ 

The condenser 26 whi.h = om P° ne "^ to the greatest possible extent. 

aenser 26 whxch can also consist of or include, respective^ 
equipment for other chemical treatment of shale-oil T ' 

separation of sulfur or .. , 9 S ' £or exai "Ple. 

connected to a Q t \ f includes a pipe 28 

-asher 27 also ° U ~ * P ^ * f ™ "»«~ 

.nco dei a s 3 In 1 ^ Fr ° m 3 '""^ PiPS 31 c £ the 

instaned v " "e * ^ » ^to which is 

portion of th. ^ " fUel ° r ° ther P"P°«s. Another 

portion of the gases flows through a compressor 40. 
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In a section of the shale rock, bordered at a right angle to the 
Plane of the drawing by the plane through the lines 42, 44, the pyrolysis 
that is the new formation of shale gases occurring through heat supply ' 
is considered to be finished. The heat supply to the elements 10 has con- 
sequently been interrupted here. For the moment, a section of ^ e shale 
rock, bordered by the lines 44-46, is extracted instead. The heat wave 
is accordingly assumed to move in the direction of the arrows 48 The 
line 50 in Figure 2 represents the temperature distribution in the two 
sections. At line 44 the temperature can reach a value between 350 and 
400»C, preferably 380°C. During the process according to the invention 
the temperature falls in the direction towards line 42. 

While the channels 20 in section 44-46 serve as outlets for the shale 
gases extracted in this section, at least one row of such channels, that 
is situated at the rear edge of the section 42-44, as seen in the direction 
of the path of the heat according to the arrows 48, and which has been 
91Ven thS desi 9"ation 52 on the drawing, has been connected to the back- 
pressure side of the compressor via a manifold 54. m the gas channels 
52 the gases coming from the pipe 34 are thus forced to flow back to the 
already degasified shale rock in the area between the lines 42 and 44 
Some of these gases flowing back can be led off through an outlet 56 and 
a manifold 58 from the outlet channel 60 in this area, in order to~b"e 
utilized or recycled, respectively, to the pipe 34 after suitable treatment 
by condensation or washing or other processes. Possibly, the channels 60 
can be connected to the junction pipe 24. During continued flow within ^e 
Porous strata of the shale rock in the direction of the arrows 48 the rest 
of the gases can contact shale rock within the sections 44-46 where shale 
rock heating is in progress and where during the pyrolysis shale gases 
are consequently led off through the gas channels 20. By obtaining a 
sufficiently high pressure increase in the gases after the compressor 40 
these can thus be made to flow in a circuit with two different branchesT 
Partly a circuit connected to the passages 56, 34 and the section 42-44 
in the shale rock, partly a circuit including passages 18,34 and boTh~ 
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ZT ~ r — "— " ithi " the shal * «*"• ^rdin, to the invention 
such gases which through cooling, condensation and washing are freed from 
the Oil are thus made to flow through the shale rock where they among 
other things can contribute to more expeditions transport of oil gases 
fron, the shale roc, to the condenser installation by the flushing effect 
that such gases will produce. However, besides this flushing effect an- 
other effect is also referred to according to the invention. In all oil 
production with degasification directly in the shale rook some losses 
always arise through gas leakage within the rock up towards the ground 
surface, because of the overpressure that prevails in the rock during 
degasification. Cracks exist here and there in the rock, and the over- 
laid limestone is in itself not completely leak-free. A smaller portion 

the produced oil gases win therefore gradually leak out through leakage 
in cracks in the ground on top of the shale rock. Already desgasified 
shale rock is f Ul ed by a compressor with gases where the oil has already 
been extracted according to the invention. The leakage that still results 
in connection therewith will in this way consist of leaking gases that do 
not contain any oil. owing to this the advantage is gained according to 
the invention that oil losses through leakage in the ground surface are 
reduced . 

"hen extracting oil from shale it can be assumed that depending on 
the temperatures and pressures at which the pyrolysis takes place, as well 
as dependm, on the rate at which the shale is heated, the pyrolysis is 
carried out under conditions regulated by physical and chemical conditions, 
so that different substances are formed in a quantitatively balanced 
ratio to one another. As an example it can thus be assumed that 20% of 
the formed pyrolysis gas consists of hydrogen, a certain portion of said 
gas of methane and other closeiy related hydrocarbons, and that finally 
the oil-forming hydrocarbons will amount to a smaller portion of the total 
gas volume because of their higher molecular weight 
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The actual pyrolysis process is of such a complicated nature that 
at present it cannot be explained in . satisfactory way, but the practical 
result indicates that a certain ratio between the different hydrocarbons 
always is present. As can be seen fro. above, the gas returned through 
Pip. 34 to the shale rock is proportionately richer in hydrogen and light 
hydrocarbons than the origina! pyrolysis gas from which the heavier hydro- 
carbons have been extracted. In the presence of the large porous mass of 
shale rock as a contact substance and where pyrolysis progresses slowly 
within very large volumes, the surplus of hydrogen and lighter hydrocarbons 
in the recycled gas will according to the invention affect the pyrolysis 
in the direction that an equilibrium strives to be reinstated similar to 
the composition of the pyrolysis gas originally extracted. This condition 
could probably most dosely be compared to hydrogenation, but, according 
to the invention, the very high pressure under which such a hydrogenation 
is normally carried out are replaced, in this case with an enormous contact 
surface area in the catalyst, which makes it possibie to achieve an approach 
to equilibrium ratio between the different reactions during pyrolysis in 
a reasonable time. More coal is then bound to the hydrogen added through 
the reintroduction, through which the carbon remaining in the coke is 

diminished to the advantage of a quantitative increase in the oil-formin, 

gases. ^ 

According to the invention the gases from which the oil has been ex- 
tracted f ir8t pass through a porous rock mass where the oil has already 
been driven off. m this process the said gases are preheated, after they 
durxng the passage through the condenser and spray tower have been cooled 
to a low temperature that in practice remains about 0° or lower The 
already degasified shale rock and the waste heat that has been left behind 
in this hot rock after the pyrolysis are thus partly utilized for preheating 
the circulation gas participating in the pyrolysis. Since the heat content 
such a gas is relatively low, the quantity of gas that is circulated can 
according to the invention and depending on the circumstances be selected 
so that xts volume amounts to one or several times the volume of the gas 
newly formed in the pyrolysis. In this way the mechanism of reaction which 
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has been indicated above is facilitated in such a manner that 
esuiUbnu, in the different reactions does not have to 

chieved because of the la r 9 e surplus of ligh ter hydrocar on d 
hydros that is avaUable in the pyrolysis. Th ro ug h th ^ i h r 

hit: r::: : h v ondltion ais ° — ^ ^^i:::: 

tnat are in the border ar^* f^r ^-u^ . ^. 

the ^ asif ^ation more easily can be 
led away from the shale rock by means of t-ho • k 

- — :: rT n S ^^^r^^rr' • 

are coked ln the rock, wiU probabiy therefore wholiy or partially 
be forced to move a!on g with the general g as flow by means o g a 
c relation According to the invention new possibilities 

ob y tr tr0dUCt ;° n ^ 3 CirCUlaU " 9 «" '» -.fd ale 

of hot sh a ,„ I t conceivable that the large rock body 

of hot shale coke through which the circulation gas flows on its way 
t the pyrolysis area in the shale rock because of its enormou 

ui " that associated >^ - . « t. in 

a : 3 hydr09enati °" <* ^-carbons closely related 

residue L ^ h ""^ "" ' th ^ h " hi = h <*. loss of 

residue in the form of coke is reduced. 

instead of the pyrolysis gases according to above other gases 

li::: : prod r r ^ can be ^ -^— t 

hot shale " ChemiCal rea " i0nS " Uh '«» «» Porous 
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Patent claims: [for clarification, retyped from original text.] 

Translation of the claims of Swedish Patent Specification 123-138 
Svenska Skiff erol jeaktiebolaget , Orebro, Sweden. 

1. A process in the gasification of oil-bearing shale rocks in 
situ while supplying heat through channels bored in the rock, 
characterized in that when a shale portion has been degasified by 
means of pyrolysis and has become porous gases are introduced in 
said portion, while it is still warm, through other channels bored 

in the shale rock than the heat supplying channels, and that said 
gases are of such kind that they in the meanwhile are subjected to 
chemical reactions without combustion, the shale rock acting as a 
catalyst. 

2. A process as claimed in claim 1, characterized in that at 
least a part of the gas formed during the pyrolysis is recycled into 
the shale portion after that its oil-bearing constituents has [sic;hax 
been removed by condensation or washing with cooling. 

3. A process as claimed in claim 1, characterized by that the 
introduced gas by means of a compressor is caused to flow through a 
portion of already degasified warm shale rock to be introduced in 
another rock portion wherein oil is being recovered. 

4. A process as claimed in any of the claims 1 to 3 , char- 
acterized by that a part of the recycled gas is discharged from the 
shale rock before it has reached the zone, wherein the degasif ication 
of shale is taking place, while another part is passed also through 
this zone. 

5. A process as claimed' in any of the preceding claims, 
characterized by that the gases are introduced into the shale rock 
through the channels serving as gas outlets during the pyrolysis. 
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SVKX!SK,\ SKIKKKK-OIJI 
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I |i|.Iiiiiiii. K ch ha.il.ir mi elt s . i|t 
■'an.sla la skitTc.-ulj... I.ascral pa uppvur.n..,,,.. 
; .v sk. crl^cl ula,, lun-aondo nll.rvlnin* 
ay -sk.lUT v; ,.vi,| do f-cn.,,,, ••(.pviir.nni,,;.,.;, 
lt:...ik i .IL.tI U "l.lolorando Kascn.a avla-mas nr 
'ci-koI ^cii.uii i dclhai.m.a anhr.if.la lean dor 
, ' ««•'*«■■'■"» Ini.ukiljas darpa sa.la.ia d.lar av 
'losam.i.a. v.lka ul^ura skilTcn.lja... „„,| n ; n- 
uyimiiK -cm. in kniidciisalion. 
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M«l avf-as,,,,,^.,, :lv U/ii-i iK-rinllif..-, ^asluldan- 
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|»a I.knandc sail s(1 „, L . x . % i(i 
mny av.slcnlcl oiler „,|, i samlli^a d^ssa 
>H kvarslar on ,,„.,• ...indrc ,„„ o S 

r™>>>\\\ il.-l ..isp.-,,,.^,^ male, ial. t. I><-| kTTT' 
»' ■y.-ui.li; ...alcrialel. da.vsl dot l.oslar :ll k/.Kx 
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loi kdksL'ii i iM.,u .i. <iii i ... . 
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undu f.,r v„rjc „,* „|j a M&c on.kri. V- is ,t 
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' < "l\mini|s I n.ti van. . n . k ( 1 1 «t'|h-. -|* 
-l"'-' |"'i"vt iii.isvi m,.,, K"iii.,KiMiliNl.iiiN Il 
|'*>"'v lan-sanil pa-ai iiiMtn m \. Im I ,(,. 

'•' ui-i i iili-t upplmniii^-n ,,\, , . 

*kollrl .«v saigas , M || L.tl.nv k.,|\;,|,-|| i mm 
alermlmda -..srn ,,11 k.i ,, x ,,-U s.-i, i ,|, ,, 

mUIi " m - ;ilt I'nlnns sli'iiuii all l.l,., sl.,||., N 

im^dim urspi -mi-li-rii ii!\iiiin;i |i\ r..l\ n^.,m-ii> 
sauiiii.iiiN.-iMiiiii-. Dril;, |,,, hallamle innir n;,i - 

'»«:isM kllUlla Iikt|;,s X h ] 1 1 ^ | , V „ , ,,„.„ r|| . 

I'^l ti|i[it'innin-rii n s;i 1 u-n ' dr m\ekel In.-, 
Iiyrk. under vilk;i s;ii|;iii Imhvriiii,;' hi tik.u 
'K'tnloras, i delta Lilt toed i n nhmtli :: kmilakl- 
Vt;i i kalalysaloru. smu uidj li^dr omni 
rimli^ liij uppna ctl fwii mamic liil ell lialan- 
scrnl lorliallande mollan de olika reak I iouer- 
na vid ji\ rolysen. Darvid hinder mcr;i kol vid 
ilci -oik. in ateriuforiu^en lilllorda valel, var- 
i^'lliiin i kokseu kvarldivailde kol minskas 
till iVnuiiiii lor en kvantilaliv ukniiii; av de 
*'ljt'l*ild;nulc ^tM'iii;). 

Kuli^l upplinniu<;en pnsserar do i;:>mt, m 
vilka ulj:in ulvunuils foist Gemini en poms 
lier-massa. d;ir ol j o:i vdri vn in- redan ;ir lull- 
l'<»i'd.id. Ilaiunder forvfnnies sa^da ^iser, sr- 
,|;m ,Jt " Milder passa^-ll -cu.Hii k , mde n sor* < 1 1 
Ivallmn nedkylU till U i lai; (em | f .* I u , , mho 
) praklikeii fuller si- omkriu- ()' J eller la^ie. 
IM- redan ax-asade sk il'IVi liei-el oeli den 
spdlsaime mih, i delta vanna Let- kxarlam- 
Mil A eller [j\ l olyscil, ulnylljas salunda dehis 
'<»'' !<>i\ai mniu- av den \id pyrogen mol- 
verkande cirk ufai M.n.s-isni. Kmedan en sa- 
- ;,s ' v; " fiieimieh;dl ar relalivl ki-i, kan 
i-nli-l uppf ii,ni, 1L;CM ,|en kvanliiel -:is. m ,,ii 
eirkuleras iierncmle pa omsland (-helern;i \;d- 
j:is mi, all de.s.^ \ulyni uj i|>^;ir (ill en a Iler;t 
.^an^er den vid pymlyscn nyldkladc ^iM'ih vi,- 
lyin. Hari-etinm imderial I ;ts <kd rca'k I iniisl 
'"IM'' snilt Iii'ir ovan :inl\ Its pa sa sail, all ell 
Na^mstOrhallande iitom* dc ulika rcaktinner- 
na u-ke hchovcr narniclsevib uppnas pa ^rund 
:tv del slora (iverskolt :.v lallarc knlvalcu ueh 
vale, mmii vid pyroly.sen finnas I illi;an-li-a. 
t.i'in.m .lenna rikli-arc -aseirk u lal i.'m inlr;i- 
di*r ;tven drl lorludlandcl , all .sadana kulva- 
U;n, M.ni li--a pA ^raiis<nnrAdel lor for » as- 
""t-en, latlare kunna avlor ;i s ur skilTeri>er- 
zyl nied lilllijulp ;, v den rikli^ : .r. c ^ast ii knla- 
ti'nien. De lyn-sla kolvalena, mmii ulan cirkn- 
'•''••"iWe -is kvarliliva orh 1'orkuksas i l.er-et, 
('" de-dai lor med 1 i I f 1 1 j ; 1 1 1 > av -asrirk ulalioi. 
Ik II rller delvis In ini;as all inculnlja den .dl- 
Miaiuia Kasslromnin^cii. I'inli-t upplitm in^en 
^kap;iN sale<lcs ^eiioni inldrande av en eir'ku- 
^'':>iide »as mom redan uppvarml Nkiller- 



, ; r, l - m, '' ll - ,,, ti -' 1 * ^ < ■ • 1 1 , 1 1 1 1 To 1 1 h j 1 1 ■ ( , . 

' ,! ' U " sl " ,t ' 1 1 * - -I -I ■ skillrrk,,!^ 

" , nKl11 - nva.,-,, 

M " llH I'.vrolvs ,,,1,1 , sk.lh-rhei-el. , M 

IMIli ,v ''•"•I in., dminiMMOri . M -|| dar- 

""•'I lmkmpp;)d kalal\sal..i w. k:o. dilekl ) 
Vhs ,,,;,M "'i'd-er en Imlivnn- ;u med kok.^en- 
nai skikladr kolvalen. muh k \ ai'Maniial i den- 
^aiimi.., v.ui-eitmii resl 1'ui'lu slen i iurm av 
knk\ ncdlirin -;ts. 

t slall.-l lor pyroly^;,.serna eid f -[ ov ;m kun- 
^a.ser. I. ex. ^cneial^r-as konnna i 
lr:, -r' 1,,r ;^t:idkoininandel a\ ulika on.ska<Jo 
l^'tusk;, reakli.^ner under mcdxcrkaii av den 
|»"i'<'^a v.nina Nkil'fcni. 



Putoiitanspi ak: 



I- Sail \id Ini-aMdn- av oljelV.rande skil"- 
Ifilu'i- m Nil h uihIlt liihoiande av varum ^e- 
n<Mi» i skii'JVrlier-el uppla-na kanaler, kun- 
n<-ti-t-kfi:il daiav, all M -dan ell skillerparli -<*- 
'mm pyrolys av-asals o. li porosl, -a.ser 

inl,,r;ls 1 (it 'Ka paid, medan del annn ;ir 
varml. ^imiii andra I sk d Yerber-el uppta-- 
t-tnaler an vannel Hi|, t r>elkanalerna oeh 

di vsa -aser ;iro av sadan arl, alt de hanm- 
dcr nlsallas for kemiska leakliunei ulan I'dr- 
l,l:il,m11 ^ ""'(i skifl'crl»L'i-cl Ijaii.t-oramle mmii 
kal al \ sal or. 

- j . Sail eidi-l palenlansprakel I, Iwiuueleck- 
"••'l darav, att I sk i I'ferpa rt iel alerinfores M - 
MMHNlmie en del av tleu under p\iolvsen hii- 
dade -asen. sedan den -euom kmufensalion 
<dler Ivaltning under avkylniu- herovals sina 
»'l jel'm ande bestandsdelar". 

•t. Salt enlist palenlaJispi^krl I, kanueUa k- 
";d <larav ( att den inforda -asen -euom en 
k*nnpressoranordnin^ brin^as all slrouiuia ^e- 
'»«>iii ell parti av redan av^asal vannl skifler- 
,>ri K t«" ;dt (Jarifrun inloras i annal l»er-par- 
ti. dar idjeutviunin^ ()a^ui'. 

I- Sail enlist pnleulausp: alu-u ! ;t, kan- 
iule<knal darav, all en did av den alerinloi- 

^asen ullages I'rAn sk HI erl»er-el innan den 
nail ilcn /on, i vilken av^asmn- av skiffer pa- 
medan en annan del far jiassei a aven deii- 

llil /u||. 

■V Salt enli^l na-ol av de Inre^.aeude pa- 
leidauspraken. kauueleeknat «'arav, at! ^a- 
M-rna inloras i skiflVrher^e'. -enoui kanaier, 
S'hh under pyrtdysen '. jan s 1 -jorde som -as- 
a \ '"pp. 
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Tr-.-.-ialation of tha cUima os" .Iwediali r'aty.it .3 ,eoi f ice t io-i i;m i*q 
3ver,eka Skif feroljeakt iebul^et , ; reoro, .iwed'.n. 10.1*8 

* 

l.'A prooeaa lr, tha gaa ifioutiun of oll-oearlng ahale roo ka 1 
altu while au Pl) lyi;,g hoot through channel, bored in the rook, 
characterised In that whan a ahala portion haa been degaalfled by 
means of pyrolyaia and haa become poroua ga.ea are lntroduoad 
in aald portion, whlla it ia atlll * m$ through other channel, 
bored in tha ahala rook than tha haat aupplylng channel., and that 
aaid gaaaa are of auoh kind that thay in tha meanwhile ara .ubjeo- 
tad to oheaioal raactiona without cumbuatlon, tha ahala rook 
acting aa a oatalyat. 

2.' A prooeaa aa olaimad in claim 1, oharactariied in that at 
laa.t a part of tha gaa formed during tha pyrolyaia ia recycled 
into tha ahale portion after that ita oil-bearing oon.tltuenta ha. 
bean removed by condenaatlon or waahlng with cooling. 

3^ A prooee. aa claimed in claim 1, obaraoteri.ed by that 
the introduced gaa by mean, of a oompreeaor la oauaed tc flow 
through a portion of already degaalfled warm ahala rook to ba 
introduced in another rook portion wherein oil i. being recovered. 

!+. A prooe.a aa ol.lj.ad in any of the clalmal to 5, oh.r.ote- 
ri.ed by that a part of the recycled g.a l, dl.ohargad from the 
ahala rock b.fora it haa reached the .one, wherein the dega.lfioa- 
tlor, of* .hale i. taking pl.oa, whila another part 1. paa.ad al.o 
through thi. zone. 

5. A prooe.. a. claimed in any of the preceding claima, 
characterised by that the gaae. .re introduced into tha ahala rock 
through, the channel. ..rving .. g.. outlat. during the pyrolyaia. 



